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Abstract-We designed a fuzzy controller for ZigBee equipment’s transmission power adaptive 
adjustment. The controller is based on RSSI (Received Signal Strength Indicator). It can make a 
dynamic adjustment on the transmitted power according to the fuzzy control rules. The fuzzy control is 
suitable to solve the problem which is difficult to deal with in building system mathematical model. 
What’s more, the fuzzy control system has perfect performance in response speed and antijamming 
capability. It’s convenient to embed in devices. In this paper we use Ti Company’s CC2530 chip as an 
experiment object. By using the fuzzy controller we keep the transmission power to the minimum. By 
this way, the energy consumption can be reduced on the premise of ensuring normal communication. 
The fuzzy controller system has a good steady-state and dynamic performance, and contributes to the 
ZigBee system’s stability and low power consumption performance. 
 
Index terms: fuzzy control, ZigBee, RSS, CC2530, low power consumption  
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I. INTRODUCTION 
 
ZigBee is a low power personal area network (PAN) protocol based on the IEEE 802.15.4 
standard. The technology according to this technical agreement is a wireless communication 
technology of low power consumption. It has features such as short distance, low complexity, 
self-organization, low power consumption, low transfer rate and low cost [1-3].It can be 
embedded into a variety of devices and suitable for automatic control, remote control, 
environmental monitoring and other fields [4].  
ZigBee devices have three work modes called transmit, receive and sleep. Generally, the ZigBee 
device will enter into the sleep mode during its free time to meet the purpose of reducing 
consumption [5]. The transmit mode has the largest power consumption. In order to ensure the 
transmission quality the ZigBee protocol using the maximum power as default sets. But for nodes 
with small distance, using small transmission power is enough to ensure good communication 
quality. So we can control the transmission power and keep it to the minimum transmission 
power which can ensure normal communication. By using this system, we can get less power 
consumption [6].  
Most of researches on this subject are to make a set according to distance or the RSSI’s statistic 
at the network organization time. These strategies can achieve good performance on condition 
that the distribution of the nodes is invariable. However, in case that the node is moved or 
network topology is changed during the network is running, the network won’t adjust the 
transmission power immediately. In these cases, the performance of the nodes will go down and 
unexpected network off-line maybe occurred for worse [7] [8]. Some researches implement the 
dynamic adjustment of power by running an algorithm on the ZigBee devices which need to be 
adjusted. In consideration of ZigBee devices’ limited computing resources and difficult to 
establish accurate mathematics model, these methods need to solve two key problems. One is that 
how to keep the balance between algorithm performance and computing resource consumption. 
The other is that how to establish or avoid establishing accurate mathematics model [9] [10].  
This paper uses the fuzzy control algorithm, so we do not need to establish accurate mathematical 
model. By building a fuzzy controller and using the controller I/O table, the ZigBee devices can 
avoid the huge computational cost which has been done during the fuzzy controller’s design time. 
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II. COMPOSITION OF TRANSMISSION POWER CONTROL SYSTEM  
 
A typical ZigBee network topology is shown in figure 1[4]. To ensure maximum network 
coverage, the network’s Coordinator and Router’s transmission power has been set to +4.5dB 
which is the maximum value (The value may have differences due to different chips and antennas, 
the +4.5dB is for CC2530) 
 
Figure 1. A typical mesh network 
 
The control system is used to regulate the End Device’s transmission power to keep it as small as 
possible on the premise of ensuring normal communication. In other words, we must keep the 
End Device’s signal strength similar to the receiving sensitivity’s, when its signal arrives at the 
receiver (The upper Router).  
 
Fuzzy controller End Device
RSSI value
+
-
R Ce P
Upper Router
 
Figure 2. The control system structure diagram 
The control system structure is shown in figure 2[12]. 
The legend：The C is the received signal strength that comes back from its upper Router. C’s 
value (It is the actual RSSI value) is the control system’s negative feedback input; 
The R is the given RSSI value which is the RSSI value corresponding to the receiver sensitivity. 
To ensure the communication quality, R is the RSSI value corresponding to the maximum 
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sensitivity. For chip CC2530, the receiving sensitivity characteristic value is -97 dB and the 
maximum sensitivity value is -88 dB. So R is -88dB; 
The e is the deviation between the actual RSSI value and the given RSSI value R; 
The P is the transmission power value that has been calculated and ready to take effect. The P is 
used to control the End Devices’ transmission power. The End Devices make the P to take effect 
by calling interface function macRadioSetTxPower( uint8 txPower ) [4]. 
In the system, we can reach the target of keeping the End Device’s signal strength similar to 
given RSSI value R by building an appropriate fuzzy controller. 
 
III. DESIGN OF FUZZY CONTROLLER  
a. Description of Fuzzy Control Strategy 
As the End Devices’ link conditions are different and their distances to Router are also different, 
the RSSI values of different signals received by Router are different from each other [9].  
The specific control strategy is as follows. The condition in which RSSI value is greater than R (e 
is a negative number) indicates that the End Device’s signal strength is strong and we can reduce 
the transmission power appropriately. The condition in which RSSI value is smaller than R (e is a 
positive number) indicates that the End Device’s signal strength is weak and we can increase the 
transmission power appropriately. Meanwhile, on condition that e is a negative number, the 
smaller the e is, the larger the decreasing amplitude of the transmission power is. On condition 
that e is a positive number, the bigger the e is, the larger the increasing amplitude of the 
transmission power is [11]. 
b. Composition of the Fuzzy Controller 
The controller’s output is the transmission power value which is ready to take effect. The output 
of the controller is determined by the given RSSI value, the actual RSSI value and the current 
transmission power. The three variables are marked with 0u , 1u and u . The controller’s output is 
marked with y  They have function relation 0 1( , ( ))y f u u u= − .  
The function ( )0 1, ( )f u u u−  has described a two-dimensional fuzzy controller with input 
variables u  and 0 1( )u u− . The variable 0u is shown as R in figure 2, and 0 88u dB= − . The 
variable 0 1( )u u− is shown as e in figure 2. Then, the calculated transmission power value 
( , )y f u e= is shown as P in figure 2. The fuzzy controller structure is shown in figure 3. 
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Figure 3. The fuzzy controller structure diagram 
 
The current transmission power u can be acquired by reading register value from the signal 
transmission power register. The corresponding relation between register values and the actual 
transmission power is shown as table 1. 
 
Table 1. The lookup table of the actual transmission power from transmission power registers 
value 
Register value Actual transmission power (dB) Current(mA) 
0xF5 4.5 34 
0xE5 2.5 31 
0xD5 1 29 
0xC5 –0.5 28 
0xB5 –1.5 27 
0xA5 –3 27 
0x95 –4 26 
0x85 –6 26 
0x75 –8 25 
0x65 –10 25 
0x55 –12 25 
0x45 –14 25 
0x35 –16 25 
0x25 –18 24 
0x15 –20 24 
0x05 –22 23 
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The controller’s working process is as follows. First the fuzzy controller executes fuzzification 
process of the input variables u and e . Then, the controller will calculate fuzzy output variable in 
accordance with the fuzzy rules in the knowledge base. Finally, the fuzzy controller executes 
defuzzification process of the fuzzy output variable to get accurate output variable y . After that, 
the y will be set as the transmission power.  
c.  Fuzzification Process 
After experiment, we got that 1 [ 101, 41]u ∈ − − for ZigBee Device with CC2530 core. So, there is 
[ ]47,13e∈ −  as 0 1( )e u u= − . After the linear transformation for e, we got the universe of 
discourse [ 6,2]E = − follow the transformation formula (1). Similar to e, it signed the U as the 
universe of discourse of the input variable u. Then [ 2,6]U = −  follow the transformation formula 
(2). The universe of discourse of y is similar tou ’s and it is signed with Y. 
( )'1 12 17 / 7.5x x= − + +                                                               (1) 
( )'2 22 8.75 / 3.31x x= + +                                                           (2) 
Five fuzzy subsets were defined in U and Y. They are {Weak, Middle, Strong, Very Strong, 
Extremely Strong} and signed with{ }ESVSSMW ,,,, . Other Five fuzzy subsets were defined in E. 
They are {Negative Big, Negative Middle, Negative Small, Zero, Positive Small} and signed 
with{ }PSZONSNMNB ,,,, . They are shown in Table 2. 
 
Table 2. Definition of the fuzzy variables 
 
Variables Universe of discourse Fuzzy subsets 
e E=[-6,2] { NB,NM,NS,ZO,PS} 
u U=[-2,6] {W,M,S,VS,ES} 
y Y=[-2,6] {W,M,S,VS,ES} 
 
The fuzzy controller can get the smooth output (System gain high stability) in the condition of 
fuzzy subsets’ membership functions is fit for the gauss curve. As the embedded CPU has limited 
computing ability, we have simplified the function. According to the test data, the membership 
functions of input and output variables can adopt the triangular function. This function can 
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regulate efficiency and stability’s compromise, and then reach the design target. The Figure 4 is 
the membership function of u and y . 
 
Figure 4. Membership functions of u and y  
 
d. Fuzzy Reasoning and Defuzzification 
Firstly, make the fuzzy rules. According to the results of experiment and control engineering 
knowledge, we got fuzzy rules as follow. As shown in Table 3, the stronger the actual signal is, 
the bigger the power reduction (on the basis of the current transmission power) amplitude is. The 
weaker the actual signal is, the bigger the power increase (on the basis of the current transmission 
power) amplitude is. 
 
Table 3. Fuzzy rule table 
 
iE   iY  
iU  
PS  ZO  NS  NM  NB  
W  M  W  W  W  W  
M  S  M  W  W  W  
S  VS  S  M  W  W  
VS  ES  VS  S  M  W  
ES  ES  ES  VS  S  M  
 
The above fuzzy rules can be summarized as: 
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( ) iii YthenandUEif                                                                  (3) 
The corresponding fuzzy implication relation matrix is: 
iii YUER ××=                                                                       (4) 
The fuzzy reasoning: 
RUEY iii ×=                                                                       (5) 
Target output value: 
)64.4(31.3 * −= yy                                                                (6) 
In the above formulas, iY is a fuzzy subset and the actual output value y is an exact value. To 
ensure real-time performance, it adopts maximum membership degree method to make 
defuzzification of iY . Sign the output value after the defuzzification with
*y , we can get y by 
inverse scale transform formula (6) [13] [14]. 
Considering the embedded system’s limited resources of storage space and computing, we use 
look-up table method. According to the above algorithm and with help of MATLAB, we can 
beforehand generate control system I/O table on PC. The part control system I/O table is shown 
in Table 4. If the sampling interval of 1u and u is 2 and output result y takes 1 decimal places. Then, 
the storage space of the whole table is about 1KB. It has little impact on controller performance. 
 
Table 4. Control system I/O table (dB) 
 
              1u  
        y  
u  
-101 -99 -97 -95 -93 -91 
-22 -15.4 -15.4 -15.4 -15.4 -18.9 -19.8 
-20 -15.4 -15.4 -15.4 -15.4 -18.9 -19.8 
-18 -11.4 -11.4 -11.4 -11.4 -15.4 -15.4 
-16 -9.4 -9.6 -10.5 -11.4 -15.4 -15.4 
-14 -10.1 -10.1 -10.5 -11.4 -15.4 -15.4 
-12 -8.6 -8.6 -8.6 -8.6 -12.0 -12.0 
-10 -4.6 -4.6 -5.6 -7.4 -11.8 -10.9 
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During the system running, every time it gathers values of the input variables 1u and u , searches 
the control system I/O table to find out the correspondence or similar input values. Then, the 
system can get the output value in the table. After setting the value as output power, the system 
will finish one adjustment period. 
 
 
IV. EXPERIMENT RESULTS AND ANALYSIS 
 
a. Experiment environment 
The hardware system adopts TI Company’s chip CC2530 as the core. The whole network 
consists of a coordinator, two routers (1, 2), and 15 end-nodes (from 6 to 20), you can chooses 
any one of the end-node as the experiment object. 
Experimental methods: under the open environment, constantly increase the distance between the 
measured node and its upper router, respectively record changes of the system when the 
transmission power of the end-node is the maximum, minimum, under relay control strategy 
(adjusted by fixed change of 2 dB) and fuzzy adjusted, namely record changes of the signal 
strength that on arrival at the router, the transmission power setting value of the end-node and the 
current consumption value. At a certain moment during the normal running of the system, we 
cover the End Device (It simulates strong interference appear) and uncover the End Device (It 
simulates strong interference disappears). Then, we observe the dynamic characteristics of 
control system via the recorded process and change times that the system changes to the steady 
state. 
b. Experiment Results 
As shown in table 5, under the minimum transmission power, they are changes of the signal 
strength C that on arrival at the router at the distance D, respectively, 1m, 3m, 5m, 8m, 10m, 15m, 
20m. The transmission power value P is constant for -22dB and power consumption value I is 
constant for 23mA. 
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Table 5. Signal power changes under the minimum transmission power 
 
D(m) 1 3 5 8 10 15 20 
C(dB) -77 -81 -87 -89 -90 -96 -98 
 
As shown in table 6, under the maximum transmission power, they are changes of the signal 
strength C that on arrival at the router at the distance D, respectively, 1m, 5m, 10m, 20m, 30m, 
40m, 50m, 60m, 70m. The transmission power value P is constant for 4.5dB and power 
consumption value I is constant for 34mA. 
 
Table 6. Signal power changes under the maximum transmission power 
 
D(m) 1 5 10 20 30 40 50 60 70 
C(dB) -58 -60 -68 -70 -73 -77 -79 -83 -87 
 
As shown in table 7, under the control of fuzzy control system, they are changes of the signal 
strength C,  the transmission power value P and power consumption value I that on arrival at the 
router at the distance D, respectively, 1m, 5m, 10m, 20m, 30m, 40m, 50m, 60m, 70m.  
 
Table 7. Signal power changes under the transmission power fuzzy control 
 
D(m) 1 5 10 20 30 40 50 60 70 
C(dB) -75 -87 -86 -86 -90 -85 -84 -82 -89 
P (dB) -22 -22 -14 -1.5 -7 -6 -1.5 -3 4.5 
I(mA) 23 23 25 27 26 26 27 27 34 
 
As shown in table 8, under the control of fuzzy control system, they are the changes of the signal 
strength C during 14 times of adjustment when interference suddenly appears and disappears. 
The C+ is for interference appeared and C- is for the interference disappeared (The changes of 
the interference are take place between the first and second time of adjustment). 
 
Table 8. The dynamic response of fuzzy control system  
 
Times of Adjust 1 2 3 4 5 6 7 8 9 10 11 12 13 14 
C+(dB) -74 -98 -99 -90 -88 -92 -88 -86 -86 -88 -85 -89 -87 -86 
C-(dB) -86 -63 -77 -73 -73 -74 -76 -77 -76 -74 -74 -76 -74 -75 
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c. Analysis of experiment results 
This paper draws the data in a table into curved forms, in order to facilitate data analysis. 
Drawing a curve based on data in table 7, making the distance of sending and receiving for 
horizontal axis, and the signal power for the vertical axis, we can get a curved form as shown in 
figure 5. From the figure we can see that, with increasing the distance of sending and receiving, 
the transmission power of ZigBee end-node being measured increases gradually, making the 
signal strength on arrival at the upper router stable around the given value. 
Figure 6 shows the system performance using the relay control strategy. Comparing with Figure 
5, it can be seen that the terminal signal intensity scanned by upper router changes more gradual 
under control of the fuzzy control strategy. It indicating that under the control of fuzzy control 
strategy the system has achieved a better stability. 
 
Figure 5. Fuzzy control system performance 
 
Drawing a curve based on data of the signal strength C at the upper router in table 5, table 6, table 
7, making the distance of sending and receiving for horizontal axis, and the signal power for 
vertical axis, we can get a curved form as shown in figure 7.  
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Figure 6. Delay control strategy system performance 
 
From the figure we can see that, with increasing the distance of sending and receiving (or the 
distance is constant, interference or obstruction is gradually increased), and under the maximum 
transmission power, the signal strength C at the upper router is greater than the given value 
within the distance from 1m to 70m, so it exists energy waste; Under the minimum transmission 
power, the signal strength C at the upper router is less than the given value when the distance is 
more than 10m, so the quality of communication will be affected; Using fuzzy control system to 
control the transmission power, the signal strength C is approximate to the situation of the 
minimum transmission power within the 1 to 10m, its signal strength is stably around the given 
value, namely the minimum transmission power ensuring the quality of communication. 
Drawing a curve based on data of the current consumption values in table 2, table 3, table 4, 
making the distance of sending and receiving for horizontal axis, and the current consumption for 
vertical axis, we can get a curved form as shown in figure 8. From the figure we can see that, 
with the distance increasing from 1m to 70m, and under the maximum transmission power, the 
current always maintained at 34mA; under the minimum transmission power, it always 
maintained at 23mA; under using fuzzy control system to control the transmission power, the 
current is gradually increased from 23mA to 34mA. On the assumption that the end-node moves 
from 0 to 70m at a constant speed, then from the figure 8 we can estimated that, compared with 
those with the maximum transmission power, energy saving rate using the automatic adjustment 
system is about 20%. 
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Figure 7. Signal power attenuation curve 
 
Drawing a curve based on the data of the signal strength C in table 8, making the number of 
adjust for horizontal axis, and the signal strength for vertical axis, we can get a curved form as 
shown in figure 9. From the figure we can see that, when the interference appeared, the power of 
signal at the upper Router sharply decreased and returned to the stable state after adjusting twice. 
When the interference disappeared, the power of signal at the upper Router sharply increased and 
returned to as the stable state after adjusting once. 
 
Figure 8. Current consumption curve 
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Figure 9. Dynamic response curve under fuzzy control strategy 
 
As shown in figure 10, when the interference appeared, the power of signal at the upper Router 
returned to the stable state after adjusting 4 times. When the interference disappeared, the power 
of signal at the upper Router returned to the stable state after adjusting 4 times, too. Through 
compared with figure 9, it can be seen that under the fuzzy control strategy, the system can return 
to stable state more quickly after interference appear and disappear. That is the fuzzy control 
strategy has better dynamic performance than the relay control strategy in ZigBee terminal 
transmission power adjustment. 
 
Figure 10. Dynamic response curve under relay control strategy 
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V. CONCLUSIONS 
 
The method proposed by the paper is only used to adjust the transmission power of terminal 
nodes, so it can be applied in the network types as point to point type, star type and mesh type 
network, with the same adjusting method.  
The reasons that only adjusting the transmission power of terminal nodes are as follows: 
(1) Most nodes in one network are terminal nodes.  
(2) To ensure maximum network coverage, coordinator and routing use maximum 
transmission power.   
Through the above analysis it can be seen that using fuzzy control method to adjust ZigBee 
Device’s transmission power can deeply reduce the power consumption of the system and 
improve the system stability. Most of all it has a good dynamic performance on condition that 
network changes or node moved.  
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